INTRODUCTION
============

According to the Korean National Health and Nutrition Examination Survey of 2005 \[[@B1]\], 41.2% of males and 43.9% of females aged over 40 years were either overweight or obese. In addition, 34.9% of males and 19.6% of females aged at 40s had metabolic syndrome (MetS) based on the definition set forth by National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III). People who were over the age of 50, 43.7% of males and 45.5% of females had MetS \[[@B1]\]. Obesity is long been known as the cause of metabolic syndrome as well as other chronic diseases such as type 2 diabetes and cancer \[[@B2],[@B3]\].

Another factor which contributes to the development of MetS is a low level of physical fitness. The importance of physical fitness is well-documented, and many studies have reported the importance of maintaining certain level of physical fitness to prevent chronic diseases such as type 2 diabetes and cardiovascular disease \[[@B4]\]. Obese people with low levels of cardiopulmonary fitness have a higher mortality rate than obese people who have higher levels of cardiopulmonary fitness \[[@B5],[@B6]\]. In fact, a person with low cardiopulmonary fitness has a mortality rate 2.1 times higher than a person with high cardiopulmonary fitness, which clearly indicates that high cardiopulmonary fitness is associated with decreased mortality rate \[[@B7]\]. Another study examining the association between obesity, physical fitness and chronic disease mortality with 21,925 people reported that people who were lean and poor physical fitness (2.91 times), and obese and poor physical fitness (4.08 times) had higher mortality rate as compared to lean and good physical fitness \[[@B8]\]. Results from the above studies indicate that type 2 diabetes and cardiovascular disease should be treated and prevented not only through treatment and eradication of obesity, but also by the increased state of physical fitness with participation of regular physical activity. In addition, maintaining certain level of muscular endurance also helps maintaining lower levels of blood glucose and hemoglobin A1c (HbA1c) \[[@B9]\].

Although the importance of both fatness and cardiopulmonary fitness for the prevention and treatment of MetS and other chronic diseases has been investigated, the effects of muscular endurance or combined effects of both cardiopulmonary and muscular fitness on MetS are not fully understood. Therefore, the purpose of the current study is to investigate the association of obesity level, cardiopulmonary fitness and muscular endurance with HbA1c level and MetS risk factors.

METHODS
=======

Study population
----------------

In this study, 577 subjects were recruited from the adult patients of the Health Examination Center at Kwandong University Medical Center in Gyeonggi province between November and December 2008. The characteristics of the study participants are presented in [Table 1](#T1){ref-type="table"}. This study was approved by the ethics committee of Miz Medi Hospital, Seoul Korea. The study protocol was explained to the participants and only those who signed the consent form were selected to participate.

Data collection
---------------

### Anthropometric measurements and blood pressure

The height and weight of the subjects, wearing casual clothes without shoes, was taken using JENIX automatic measuring equipment (Garden Jenix, Seoul, Korea). Body mass index (BMI) was calculated as weight (kg) divided by height squared (m^2^). The waist circumference (WC) was measured at the smallest circumference between the iliac ridge and the twelfth rib, with the arms of the subjects at their sides. Hip circumference (HP) was measured with the subjects in a relaxed, standing position, and was taken at the widest section between the umbilicus and gluteal fold. Blood pressure (BP) was measured when the subjects were relaxed, using a mercury sphygmomanometer (Hico, Tokyo, Japan).

### Physical fitness measurements

For the physical fitness measurements, a step test was used to measure cardiopulmonary fitness and sit-ups were used to measure muscular endurance, as described below.

Cardiopulmonary fitness was assessed using the Tecumseh step test. Based on the guidelines for the Tecumseh step test, subjects performed 24 steps per minute, maintaining a constant stepping rate, on a 20.3 cm high step for 3 minutes. To help maintain a constant stepping rate, a metronome was used and an assistant was present. The subjects wore heart rate monitors (Polar-FS3C, USA), and heart rates were recorded prior to exercise and at each 1-minute intervals during the exercise session. Heart rate was also measured at 1-minute post-exercise during recovery phase. Participants with higher cardiopulmonary fitness would have lower heart rates at 1-minute post-exercise than those with lower cardiopulmonary fitness \[[@B10]\].

Muscular endurance was assessed using a sit-up test. The participants lay on the sit-up equipment and performed situps with their feet attached to the equipment\'s foot holders. One sit-up was counted when the participants had sat up so that their elbows touched their thighs, and they had returned to the supine position and both shoulders touched the equipment. The number of sit-ups performed in 30 seconds was recorded.

Blood collection and analysis
-----------------------------

Blood samples were collected from the participants following a 12-hour fast and 30-minutes of rest. The collected blood samples were put into a thermionic tube without any anti-coagulation chemicals. Following collection, the blood samples were centrifuged at 3,000 rpm for 15 minutes and the blood plasma was stored at -80℃. The stored blood plasma was then analyzed at the Myongji hospital in Gyeonggi province. Fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), and high-sensitivity C-reactive protein (hs-CRP) levels were analyzed by ADVIA 1650 (Bayer, Terrytown, NY, USA) using colorimetry technology.

Definition of metabolic syndrome
--------------------------------

According to NCEP ATPIII standard, MetS is diagnosed when a person has 3 or more components from the following list: abdominal obesity (WC over 102 cm for males, over 88 cm for females), high FBG level (over 100 mg/dL, fasting), high BP (systolic blood pressure \[SBP\] over 130 mm Hg or diastolic blood pressure \[DBP\] over 85 mm Hg), high TG (over 150 mg/dL), and low level of HDL-C (under 40 mg/dL for males, under 50 mg/dL for females) \[[@B11]\]. Due to smaller body size, Asian version modified NCEP ATP III definition were employed (WC: over 90 cm in males, over 80 cm in females) \[[@B12]\].

Data analysis
-------------

Data were analyzed using Predictive Analytics Software (PASW) Statistics 17.0 (SPSS Inc., Chicago, IL, USA). To analyze the relationship between obesity, physical fitness levels and the components of MetS, the participants were classified into three groups (tertiles) based on the individuals\' each BMI and a level of physical fitness. Differences among the three groups were analyzed by ANOVA and ANCOVA. Since cardiopulmonary fitness and muscular endurance decrease with age, the age of the participants were controlled.

To examine the combined effects of obesity and physical fitness on the components of MetS, participants were first classified into two groups based on each level of total physical fitness (cardiopulmonary and muscular strength) and obesity. Those two groups (50th percentile) were then subdivided into four different groups: low physical fitness and high degree of obesity; low physical fitness and low degree of obesity; high physical fitness and high degree of obesity; and high physical fitness and low degree of obesity. The mean values of five MetS components (WC, BP, FBG, TG, and HDL-C) were compared across 4 groups by ANOVA and ANCOVA. Using a logistic regression model, relative risks in abnormality of the components of MetS and prevalence of MetS itself were analyzed across the level of obesity, the level of physical fitness and a mixed level of obesity and physical fitness. Statistical significance was set at *P* \< 0.05.

RESULTS
=======

Characteristics of the participants
-----------------------------------

Characteristics of participants are shown in [Table 1](#T1){ref-type="table"}. Males were significantly taller, heavier, and had higher BMI, WC, BP, TG level, FBG level and HbA1c level than females. However, females had significantly higher levels of TC, HDL-C, and hs-CRP than males. In addition, males had higher level of cardiopulmonary fitness and muscular endurance than females. The prevalence of MetS in the current study population was 31.7% for the males and 23.7% for females. In fact, the prevalence of abnormality in the components of MetS with the exception of HDL-C was higher among males as compared to females ([Fig. 1](#F1){ref-type="fig"}).

Effects of obesity on HbA1C and MetS
------------------------------------

Relative risks of abnormality in components of MetS and the development of MetS across the level of obesity are presented in [Table 2](#T2){ref-type="table"}.

In males, obese participants (BMI \> 25) were significantly more likely to have abnormal values of BP (3.55 times), FBG (3.02 times), HDL-C (3.05 times) and TG (3.89 times), one or more abnormal values of MetS components (23.70 times), and higher prevalence of MetS (16.18 times) as compared to healthy body weight participants (BMI ≤ 23). In females, obese participants were significantly more likely to have abnormal values of WC (122.71 times), BP (2.19 times) and HDL-C (2.54 times), one or more abnormal values of MetS components (8,73 times) and higher prevalence of MetS (7.08 times) as compared to healthy body weight participants.

Effects of Fitness on HbA1C and MetS
------------------------------------

[Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} present the mean values of body composition, components of MetS and HbA1c across the level of muscular endurance and cardiopulmonary fitness after adjusting for age.

Males with the high level of muscular endurance had significantly lower value of TC than counterparts with the low level of muscular endurance. Females with the high level of muscular endurance had lower values of WC and TG, and females who had the moderate level of muscular endurance had lower value of HbA1c than females with the lower muscular endurance ([Table 3](#T3){ref-type="table"}).

Males with the high cardiopulmonary fitness had significantly lower mean values of DBP, FBG, HbA1c and hs-CRP and higher value of HDL-C than males with the low cardiopulmonary fitness. Females with the high cardiopulmonary fitness had significantly lower mean values of body weight, BMI, SBP, and FBG than females with the low cardiopulmonary fitness ([Table 4](#T4){ref-type="table"}).

[Fig. 2](#F2){ref-type="fig"} presents the prevalence of abnormal values in five components of MetS and a development of MetS across the level of total physical fitness (2 groups, 50th percentiles). The values of cardiopulmonary fitness and muscular endurance were converted into z-score, and two z-score data were summed for total physical fitness score. Participants with low total fitness level (lower 50th percentile) were more likely to have abnormal values in all five components of MetS and increased prevalence of MetS as compared to those with the high total fitness level (upper 50th percentile).

[Table 5](#T5){ref-type="table"} presents a comparison of the mean values of muscular endurance (the number of sit-up performed, high number: high fit) and cardiopulmonary fitness (1-minute post exercise hear rate, low beat: high fit) by a level of HbA1c. In males, those with the high HbA1c level (\> 5.5) had significantly lower muscular endurance and cardiopulmonary fitness than counterparts with the low HbA1c level (≤ 5.5). In females, those with the high HbA1c level had significantly lower muscular endurance and higher cardiopulmonary fitness than counterparts with low HbA1c level. After adjusting for age, males with the high HbA1c level had significantly lower level of cardiopulmonary fitness than those with the low HbA1c level.

Effects of obesity and Fitness on HbA1c and MetS
------------------------------------------------

[Table 6](#T6){ref-type="table"} shows the relative risks for abnormality in five components of MetS, having one or more abnormal values in five components and a development of MetS across the combined levels of obesity and physical fitness. Males with the higher level of obesity and lower level of fitness were significantly more likely to have abnormality in BP (3.04 times), FBG (3.40 times) and TG (4.34), one or more abnormal value of five components (15.79 times) and a prevalence of Mets (5.26 times) as compared to males with the lower level of obesity and higher level of fitness. In females, those with the higher level of obesity and lower level of fitness were significantly more likely to have abnormality in WC (24.92 times), BP (2.33 times) and HDL-C (3.76 times), one or more abnormal value of five components (9.05 times), and higher prevalence of MetS (5.71 times) as compared to with the lower level of obesity and higher level of fitness.

In males, as compared to those with the lower level of obesity and higher level of fitness, those with the lower fitness and lower obesity were more likely to have abnormality in TG (2.38 times) and one or more abnormal value of five components (4.22 times). In addition, males with the higher fitness and higher obesity were more likely to have abnormality in BP (2.81 times), FBG (2.34 times) and TG (3.95 times), one or more abnormal value of five components (12.08 times) and a prevalence of MetS (4.84 times). In females, as compared to those with the higher fitness level and the lower level of obesity, those with the higher fitness level and the higher fatness levels were more likely to have abnormality in WC (8.88 times), HDL-C (3.94 times) and TG (2.78 times), one or more abnormal value of five components (5.67 times) and higher prevalence of MetS (3.52 times).

DISCUSSION
==========

The importance of fatness and fitness in prevention of chronic diseases including type 2 diabetes, cardiovascular disease and MetS was determined in the current study. Additionally, the current study identified that there is significant association between the level of physical fitness including cardiopulmonary and muscular fitness and some components of MetS, which has not been fully elucidated in the previous studies.

The current study identified a significant relationship between the level of physical fitness including cardiopulmonary fitness and muscular fitness and glucose regulation and MetS in both males and females. People with high fitness level were less likely to have abnormal values in five MetS components, and 50% less likely to be diagnosed as MetS. This finding of the current study agreed with previous studies with healthy people or people with chronic disease.

In the study with Korean high school students, adolescents in the lowest level of physical fitness were more likely to have high BMI, insulin resistance and the higher number of cardiovascular disease risk factors \[[@B4]\]. Interestingly, maintaining normal glucose tolerance was anticipated with even low intense activity participation. In the study with subjects with type 2 diabetes, subject who spent more time in walking had significantly decreased risk of oral glucose intolerance \[[@B13]\].

In addition, the result of a study examining 2,316 diabetic patients for 15 years reported that a reduction of each 1 MET (metabolic equivalent) in cardiopulmonary fitness resulted in a 20% increase of mortality rate, and cardiopulmonary fitness under 8.8 MET significantly increased the diabetes mortality \[[@B14],[@B15]\]. McAuley et al. \[[@B16]\] demonstrated that people with low level of cardiopulmonary fitness (under 5 MET) had an 80% increase in mortality rate. If standardized guidelines report the minimal level of physical fitness to prevent MetS, diabetes or cardiovascular disease, these guidelines sigfnificantly will help reducing the prevalence of metabolic diseases as well as maintaining or promoting healthy life.

Similar to the findings of previous studies, current study concluded that reducing body weight plays a significant role in preventing risk factors of chronic disease or disease itself. By analyzing data from the Korean National Health Insurance Corporation (KNHIC) study from 1993 to 2004, Jee and his colleagues \[[@B17]\] concluded that a person with BMI of 32 kg/m^2^ or greater had a 2.9 times higher (for males) and 1.3 times higher (for females) premature mortality rate as compared to a person with BMI of 23 to 25 kg/m^2^. The results of the current study indicated that obese males and females were more likely to have abnormality in components of MetS and a development of MetS than males and females with normal body weight. These findings concurred with Katzmarzyk\'s research, which found that obese or overweight people were more likely to be diagnosed as MetS (30.6 times and 4.7 times, respectively) as compared to normal weight people \[[@B18]\]. Therefore, both studies concluded that increased rate of developing MetS is anticipated from increased prevalence of obesity.

In order to investigate the relationships between a mixed level of obesity and physical fitness and components of MetS, all participants were classified into four groups: 1) high fatness and low fitness, 2) high fatness and high fitness, 3) fatness and low fitness, and 4) low fatness and high fitness. The findings from comparisons between these four groups concluded that participants with high fatness and low fitness level were most likely to have abnormality in components of MetS and MetS, and participants with high fatness and fitness was the second most likely to have abnormality in components of MetS and MetS. These findings indicate that the level of obesity would be a more significant correlate of MetS than the level of physical fitness. The males with low fatness and low fitness had relatively higher triglyceride level and higher number of abnormal values in MetS components than the males with low fatness and high fitness. In general, both the males and females with high fatness and low fitness were more likely to have higher number of abnormal values in MetS components than counterparts with high fatness and high fitness. We infer that people with a high degree of obesity may be greatly influenced by low physical fitness level which in turn increases the likelihood of abnormality in components of MetS.

The study on mortality rates for cardiovascular disease associated with obesity and cardiopulmonary fitness with 21,925 males found that male adults with normal body weight and low cardiopulmonary fitness had 2.94 times higher mortality rates than those with normal body weight and high cardiopulmonary fitness \[[@B5]\]. The study also found that obese males with low cardiopulmonary fitness had 4.11 times higher mortality rate by cardiovascular disease than obese males with high cardiopulmonary fitness \[[@B5]\]. These findings concluded that both the level of obesity and cardiopulmonary fitness level were strongly related with the cardiovascular disease mortality. Another study examining the relationship between cardiopulmonary fitness, obesity and the prevalence of diabetes among 6,249 females found that females with high fat and high fit were 2.32 times more likely to have diabetes as compared to females with normal body weight and high fit, and obese females with low cardiopulmonary fitness were 3.62 times more likely to have diabetes than normal females with high fitness \[[@B19]\].

The current study used customary methods in the fields of physical fitness assessment or the clinical trials, and these methods are cost-efficient and less-burdensome. The Tecumseh step test is less common in clinical trials as compared to gas analyzer to measure VO~2max~. However, it is simple and easy to perform, and it is ideal for applying to a variety of subjects including all age groups or with different physical conditions even with chronic disease \[[@B20],[@B21]\]. A study by Lee et al. \[[@B10]\] reported that the results of VO~2max~ gas analyzer and the step test were significantly correlated (*r* = -0.490) and this step test could be a substitute for measuring cardiopulmonary fitness. The sit-up test employed to measure muscular endurance in the current study is widely used in the Korea as well as in most countries, and the sit-up test data used in our previous study was significantly related to insulin resistance \[[@B22]\].

The finding from the current study recommends that maintaining healthy body weight as well as good level of physical fitness including cardiopulmonary and muscular fitness is important for the treatment and prevention of metabolic diseases including, type 2 diabetes, cardiovascular disease and MetS.

![Prevalence of metabolic syndrome and its components. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.](kdj-34-182-g001){#F1}

![Prevalence of metabolic syndrome by total physical fitness level. WC, waist circumference greater than 90 cm (male) and greater than 80 cm (female); BP, blood pressure of 130/85 mm Hg or higher; FBG, fasting blood glucose level greater than 100 mg/dL, HDL-C, high density lipoprotein cholesterol level of less than 40 mg/dL (male) and less than 50 mg/dL (female); TG, triglyceride of 150 mg/dL or higher; MetS, metabolic syndrome.](kdj-34-182-g002){#F2}

###### 

Participants\' characteristics
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Data are mean ± standard deviation.

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein; RHR, resting heart rate; HR, heart rate.

^a^Comparison between gender.

^\*^Heart rate assessment during Tecumseh step test.

###### 

Relative risks for metabolic syndrome across a level of obesity after adjusting for age
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Normal, BMI \< 23; Overweight, 23 ≤ BMI \< 25; Obese BMI ≥ 25.

CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.

###### 

Comparisons of mean value of anthropometric and serum analysis across a level of muscular endurance after adjusting for age
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Data are mean ± standard error.

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.

^a^Significant difference with low fit and ^b^with mid fit.

###### 

Comparisons of mean value of anthropometric and serum analysis across a level of cardiopulmonary fitness after adjusting for age
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Data are mean ± standard error.

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; hs-CRP, high sensitivity C-reactive protein.

^a^Significant difference with low fit and ^b^with mid fit.

###### 

Comparison of physical fitness levels by level of HbA1c
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Data are mean ± standard error. Low HbA1c, ≤ 5.5; High HbA1c, \> 5.6.

^a^Significant difference with Low group.

###### 

Relative risks for metabolic syndrome across a mixed level of physical fitness and obesity after adjusting for age
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CI, confidence interval; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; MetS 1, one or more abnormal value of five components of metabolic syndrome; MetS, metabolic syndrome; WC, waist circumference.
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